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SEPARATION OF THE ENANTIOHERS OF AMLOOIPINE VIA THEIR OIASTEREOMERIC 
TARTRATES 

The invention described herein provides an efficient method for 
the separation of the optical isomers of amiodipine via salt 
formation with tartaric acid in the presence of dimethyl 
sulphoxide. 

Baclcaround 

Amiodipine la, and its salts are long-acting calcium 
channel blockers, and are thus useful for the treatment of 
cardiovascular disorders, such as angina, hypertension and 
congestive heart failure. The two enantiomers of amiodipine, and 
their salts, have different pharmacological profiles. The S-(-)- 
isomer is the more potent calcium channel blocicer, and the R-(+>- 
isomer also exhibits activity in the treatment or prevention of 
atherosclerosis. 

J.E. Arrowsmlth Mai in J.Med.Chem (1986) aS 1696, 
described the preparation of the two enantiomers of amiodipine 
2di separation of the diastereotopic azide esters lb, and J.E. 
Arrowsm'ith, in EPA 331315, disclosed the use of cinchonidine 
salts of acid fcfor the resolution of intermediates to eventually 
give enantiomericaily pure amiodipine isomers. S. Goldman staL 
in J.Med.Chem. (1992) SS 3341, described the chromatographic 
separation of diastereomeric amide isomers Id. 



wo 95/25722 



PCT/EP9S/00847 




(a) R = CH2CH3,X = NHj; 

(b) R = CH2PP(OCH3)Ph,X = N,; 

(s) 

(c) R = H,X = N3i 

(4) R s CEjCH,,^ s (lS)4aiq>Iianoylairii» 



None of the disclosed methods for resolution of amiodipine 
Intermediates or derivatives offer an efficient and economic 
method susceptible of industrial application. Other methods of 
providing enantiomericaliy enriched amiodipine Isomers are thus 
needed. 

A recent review by S. Goldman st aL in 
Anqew.Chem.lnt.Edn.(engi.> (loai) tnKo ^n^^^i^^^ various 

methods of providing chlral 1,4-dihydropyridlnes in high 
enantiomeric excess (e.e.). This review paper, in section 2.2 
(Resolution of Racemic Mixtures of Basic DIhydropyrldine 
Derivatives), states that "Chiral acids such as camphorsulphonic 
acid and substituted tartaric acids have been used to separate 
the enantiomers of basic dihydropyridine derivatives in yisids of 
up to 30%" (emphasis added). The use of these methods for the 

0 
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resolution of amiodipine into its enantldmers gave unsatisfactory 
results, in terms of both yield and enantiomeric purity. The 
"substituted tartaric acid" used most commonly in the reported 
methods was O,0'-dibenzoyltartaric add, and various solvents, 
most commonly alcohols, were used with this reagent. 

The Invention 

We herein describe a new, simple, economic and efficient 
process for preparing both enantiomers of amiodipine la and 
their salts, in unexpectedly good yield and enantiomeric purity. 
The invention provides a method for the separation of the R-(+)- 
and S-(->isomers of amiodipine from mixtures thereof, which 
comprises the reaction of the mixture of isomers with either L- or 
D-tartaric acid in an organic solvent containing sufficient 
dimethyl sulphoxide (DMSO) for the precipitation of, respectively, 
a DMSO solvate of an L-tartrate salt of R-(+).amIodipine, or a 
DMSO solvate of a D-tartrate salt of S-(-)-amIodipine. The use of 
both tartaric acid and DMSO are essential to this unique 
separation process. 

Preferably, either about 0.5 mole or about 0.25 mole of 
either L- or D-tartaric acid per mole of amiodipine is used. 

Preferably, the precipitate is a hemltarlrete monosolvate of 
amiodipine. These solvates also form part of the invention. 



wo 95/25722 



PCT/EP9SW0847 



-4- 

Foilowing separation of the precipitate, wiiicii may be 
carried out by methods well-lcnown in the art, for example by 
filtration, centrif ugation or decantation, either the precipitate or 
the filtrate or supernatant, now suitably enriched in the desired 
isomer, can be processed further. As is well-known in the art, the 
further processing method applicable to one diastereomer may 
be equally applied to its antipode. 

The precipitated DMSO-solvate may be treated further in a 
number of ways. Recrystalllsation from an organic solvent can 
give the amiodlpine tartrate free from DMSO. This can further be 
treated with a base to give the free enantiomerically-pure 
amiodlpine isomer. The precipitated DMSO-solvate may also be 
treated with a base to give the optically-pure amiodlpine free base 
directly, without the need for isolation of the amiodlpine tartrate. 

The filtrate or supernatant remaining, after removal of the 
amiodlpine tartrate DMSO solvate precipitate, may also be 
processed further. Removal of part of the remaining solvent may 

give a further crop of the original amiodlpine tartrate DMSO 
solvate precipitate, which may be removed in the same manner 
as mentioned before. Alternatively, the filtrate or supernatant 
may be treated with the antipode of the tartaric acid used 
originally, which results in preclpitatipn of the antipodal 
amiodlpine isomer tartrate solvate. This proceeds particularly 
well when about 0.25 mole of tartaric acid is used per mole of 
amiodlpine (see Example 9). Add»ion of a different solvent to the 

filtrate or supernatant may also encourage precipitation. 
Alternatively, the original remaining filtrate or supernatant may be 

treated with a base, either with or without prior removal of 
solvent, which may be then worked-up by methods well-known in 
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the art, to give the amiodipine isomer or its salts wliere tlie 
f amiodipine is the enantiomer of that which precipitated originally. 

It is understood that various combinations and repetitions of the 
above steps may be carried out to optimise the obtention of 
desired yields and optical purities. Thus It Is possible to isolate 
both enantiomers efficiently from a mixture thereof. 

The preferred solvents for carrying out the resolution are 
DIVISO, and DMSO with a co-solvent or co-soivents selected from 
well-known solvents such as ketones, alcohols, ethers, amides, 
esters, chlorohydrocarbons, water, nitriles and hydrocarbons. 
Preferred ketones are acetone and methyl ethyl ketone (IVIEK). 
Preferred alcohols are C^-C^ saturated alcohols such as propan-2- 
ol. Preferred ethers are diethyl ether and tetrahydrofuran (THF). 
Preferred amides are N,N-dlm6thylfoniiamlde (DMF), 
N,N-dimethylacetamide (DMAC) and N,N-dimethylpropyleneurea 
<DMPU). Preferred esters are acetates such as ethyl acetate. 
Preferred chlorohydrocarbons are chloroform, dichioromethane, 
1,2-dichloroethane and 1,1,1-trichloroethane. Preferred nitriles 
are C,-C, nitriles such as acetonltrile. Preferred hydrocarbons are 
C,-C„ hydrocarbons such as toluene. 

The maximum amount of co-solvent which can be present 
in the DMSO varies accordingly to the specific co-solvent 
employed and a man skilled In the art will readily be able to 
establish the appropriate quantity which In each particular case 
will give the required precipitate of the DMSO solvate. Preferably, 
the co-solvent is present in an amount of from 0.2 to 6% by 
volume based on the volume of the DMSO. 

In some cases, e.g. with acetone, the co-solvent may be 
present in an amount of up to 50% v/v of the total solvent mixture. 
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Preferred methods of separation of the DMSO solvate 
precipitate are filtration and centrif ugatlon. Especially preferred 
is filtration. 

Preferred recrystallisation solvents for the tartrate salt are 
alcohols, such as methanol. 

Preferred bases for the preparation of amlodlplne from Its 
salts are metal hydroxides, oxides, carbonates, bicarbonates and 
amides. Especially preferred are ailcali metal hydroxides and 
oxides, such as sodium hydroxide. 

The process is characterised by reacting racemic or 
panially-resolved amiodipine with optically active tartaric acid 
In DMSO with or without a co-solvent. This results in a crystalline 
precipitate being formed, which can be separated by filtration. 
Analysis of the crystalline precipitate obtained In the following 
specific Examples showed the incorporation of approximately 1 
mole equivalent of DMSO and 0.5 mole equivalent of tartaric acid 
per mole of amiodipine. An illustration of the process using D- 
tartaric acid is provided In the scheme below:- 



S-(0-^iilod^-lsid-D-laili^:iino-I»^-solTate 



CiVJSO 
9l%eijk3A 




Mefiand 
85% 



S>(*)'i^aiod|{iiB 
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It is understood that L-tartarIc acid can also be used, in 
t which case it is the R-(+)-amlodipine isomer which forms the 

precipitate, it is aiso to be understood that once the precipitate 
has been formed, it can be further treated in a number of ways, 
for exampie to provide the free base, as iiiustrated above, or to 
provide alternative saits and/or solvates of amiodipine isomers, 
it is also to be understood that by virtue of the fact that a 
separation (or partial separation) of a particular enantlomer takes 
place, the resulting filtrate Is thereby enriched with the opposite 
enantlomer (antipode), which may also be processed further, in a 
similar manner. This proceeds particularly well when about 0.25 
mole of tartaric acid is used per mole of amiodipine. Co-solvents 
can be used in the resolution step, and can contribute to 
economy, ease of handling, etc., with the proviso that DMSO is 
present in sufficient amount to allow precipitation of the Dil/ISO 
solvate to take place. 

The invention is illustrated by the following Examples. 
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Optical purities were measured by chiral HPLC. The HPLC 
conditions used for this separation were as follows: Column - 
Ultron ES-OVM, Ovomucoid - 15cm; Flow rate - 1 mL/min; 
Detection wavelength - 360nm; Eluent - Disodium 
hydrogenphosphate buffer (20miW,ph7): aeetonitrile, 80:20. 
Samples were dissolved in aeetonitrile: water, 50:50, 0.lmg^ml 
solution. 

Example 1 

fSH-)-Amlad»pine-hemi-D-tartrate-mn no-DMSn.ftn|vat6frQm 
m.S)-amlnrtip{^ft 

To a stirred solution of 114.27g (R,S).amlodiplne in 558 mi 
DMSO was added a solution of 21g D-(.Hartarlc acid (0.5 mole 
equivalents) in 558 ml DMSO. Precipitation began within 5 
minutes, and the resulting slurry was stirred at room temperature 
overnight. The solid was collected by filtration, washing with 500 
ml DMSO followed by 500 ml acetone. It was then dried at 50«»C in 
mem overnight to give 71.3g (91% of theoretical yield) (SH'> 
amlodipine-hemi-D-tartrate-mono-DMSO-solvate, m.p. 158-1 SO^C, 
(Found: C 51 .28%. H 6.1 0%, N 4.93%; Calc. for 

C«H,,N,O.CI.0.5[C,H,OJ.C,H,OS: C 51.29%, H 6.10%, N4.98%), 98% 
d.e. by chiral hplc. 

Example 2 

(S)-f-)-Amlod|pine.hemi-D-tartrate.monohy rira te from (S).(,). 
amlodiplne-hemi-D.tartrqt q.mono.DMsn,^ «y|Vf)^i> 

50g(S)-(->Amlodlplne-heml-D-tartrate-mono-DMSO-solvate 
was dissolved in 250 ml refiuxing methanol. On cooling, a solid 

precipitated, and the slurry was stirred overnight at room 
temperature. The solid was collected by filtration, washing with 
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150 ml methanol, then dried at SQ^C in vacuo ovarnlght to give 
f 38.4g (86%) (SH-)-amlodlplne-hemi-D-tartrate-monohydrate, m.p. 

134^1 arc, (Found: C 52.67%, H 6.25%, N 5.49%; Calc. for 
C„H„N,O,CI.0.5[C,H,OJ.H,O: C 52.64%, H 6.02%, N 5.58%), 98% 
d.e. by chlral hplc. 

Example 3 

(SW-VAmlodlpine from rSV(-)-amlodlDlne-hemt-D-tartrat6. 
monohydrate 

30g (S)-(-)-Amlodipine-hemi-D-tartrate-monohydrate was 
slurried In 230 ml CHjCI, and 230 ml 2N NaOH(aq) for 20 minutes. 
The organic solution was then separated off and washed once 
with water. The CH,CI, was distilled off and replaced with hexane, 
giving a slurry. The solid was collected by filtration and dried at 
50°C in vacuo overnight to give 21 .6g (88%) (S>(-)-amlodIplne, 
m.p. 108-11 OX, (Found: C 58.57%, H 6.37%, N 6.76%: Calc. for 
C,.H„N,0,CI: C 58.75%, H 6.16%, N 6.85%). [a] «-32.5» (c=1,MeOH), 
98.4% e.e. by chlral hplc. 

Example 4 

f$)-f-)-AmlodiPlne from fSyf-V-amlodlplne -hemi-D-tartrata-mnn^- 
DMSO-SQlvate 

5g(S)-(-)-Amlodipine-hemi-D-tartrate-mono-DMSO-solvate 
was slurried in 56 ml CH,CI, and 56 ml 2N NaOH(aq) for 40 
minutes. The organic solution was then separated and washed 
once with water. The CH^CI, was distilled off and replaced with 
hexane, giving a slurry. The solid was collected by filtration and 
dried at 50'»C in vacuo overnight to give 3.39g (93%) (S)-(-)- 
amlodlpine, m.p. 107-11 OX, (Found: C 58.31%, H 6.57%, N 6.5o%: 
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cale, for C«H„N,0,CI: C 58.75%r H 6.16%, N 6.85%), [aJ^^-aS-S" 
(cs1,MeOH), 97% e.e. by chiral hplc. 

Example 5 

(R).(4.).AmtQdlplna-heml-L.t flrtrflt6-inQno.DMSQ-solvatefrom 

(RtS)-amio<Hp)ne 

To a stirred solution of 1l4.27g(R,S)-amlodipine in 558 ml 
DMSO was added a solution of 21 .Og (0.5 mole equivalents) Li-y 
tartaric acid in 558 mi DMSO. Precipitation began wltiiin 5 
minutes, and the resulting slurry was stirred at room temperature 
overnight. The solid was collected by filtration, washing with 500 
ml DMSO followed by 500 ml acetone, it was then dried at 50° Id. 
vacuo overnight to give 67.0g (85% of theoretical yield) (R)-(4-)- 
amIodipine-hemi-L-tartrate-mono-DMSO-solvate, m.p. 159-1 61 <*C, 
(Found: C 51.27%, H 6.08%, N 4.91%; Calc. for 
CjoH„NACI.0.5[C4H,OJ.C,H,OS: C 51.29%, H 6.10%, N 4.98%), 98% 
d.e. by chiral hplc. 

Example 6 

(R)-(+)-Amlodipine-hemi-L-tartrate-monohydrate from (R)-f4-)- 
amIodipine-hemi-L-tartrate-mono-DMSO-solvate 

40g(R)-(+)-Amlodipine-hemI-L-tartrate-mono-DMSO-solvate 
was dissolved in 200 mi ref luxing methanol. On cooling, a solid 

precipitated, and the slurry was stirred overnight at room 
temperature. The solid was collected by filtration, washing with 
120 ml methanol, then dried at 50<'C jnyacus overnight to give 
30.0g (84%) (R)-(+)-amlodipine-hemi-L-tartrate-monohydrate, m.p. 

132-135<>C, (Found: C 52.68%, H 6.23%, N 5.46%; Calc. for 
C„H„NjO,CI.0.5IC4H,OJ.H,O: C 52.64%, H 6.02%, N 5.58%), 97.5% 

d.e. by chiral hplc. 
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Exampla? 

(RVr+VAmlodiPlne from mvr4.VamlQdiplne. heml.L-tartrfltft. 
monohydratfl 

25g (RH+)-Amlodipine-hemi-L-tartrate-monohydrate was 
slurried in 200 ml CH^Ci, and 200 ml 2N NaOH(aq) for 20 minutes. 
Tiie organic solution was then separated off and washed once 
with water. The CHsCI, was distilled off and replaced with hexane, 
giving a slurry. The solid was collected by filtration and dried at 
50°Ci!iyapuo overnight to give 17.8g (87%) (R).(+)-amlodlpine, 
m.p. 108-1 10X, (Found: C 58.67%, H 6.24%, N 6.76%: Calc. for 
C„H„N,0,Ci: C 58.75%, H 6.16%, N 6.85%), [a]„"+28.3* 
(c=1,IVleOH), 97.5% e.e. by chlral hplc. 

Example 8 

. (P)-(+)-Amlodiplne from mVf4.Vamlodiplne. h eml.L-tartrate.mnnn. 
DMSO-solvatft 

5g(R)-(+)-AmIodlpine-hemi-L-tartrate-mono-DMSO-solvate 
was slurried In 56 ml CH,CI, and 56 ml 2N NaOH(aq) for 40 
minutes. 

The organic solution was then separated and washed once with 
water. The CH,CI, was distilled off and replaced with hexane, 
giving a slurry. The solid was collected by filtration and dried at 
50''Cmyqcuo overnight to give 3.43g (94%) (S)-(-)-amiodipine, 
m.p. 106-109'C, (Found: C 5B»%, H 6.6«»%, N 6.<»!%: Calc. for 
C„H„N,0,CI: C 58.75%, H 6.16%, N 6.85%), [a] » +29.9«» 
(c=1,l\/IeOH), 98.5% e.e. by chiral hplc. 
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Examplefl 

(g)-(-)AmlotflPin»-heml-D.tartrate.monfvnM S O.aQlvflte (p) . 
f+)-amlPtfiPme-heml-L-tartrate.monft.p p flSQ.aolvfltft ^ j^^ ,<e). 

amlodjpine 

To a stirred solution of 1.02g of (R,S>amlodipine In 5 ml of 
DMSO was added a slurry of 0.099g (0.25 mole equivalents) of D- 
tartarlc acid In 5 ml of DMSO. The resulting mixture was then left 
to stir overnight and the solid which formed was filtered off, 
washed with 2 ml of acetone and dried at 50»C injiasus overnight 
to give 0.47g (67% of theoretical yield) (S>(-)-amlodlpine heml-D- 
tartrate-mono-DMSO-solvate; m.p. 159-1 62 "C, (Found: C 51.45%, 
H 6.13%, N 4.77%; Calc. for C,,H,,N,O,CI.0.5[C,H.OJ.C,H,OS: C 
51.29%, H 6.10%. N 4.98%), >99.5% d.e. by chiral hplc. 
To the filtrate was then added 0.099g (0.25 mole equivalents) of L- 
tarlaric acid, the mixture was then left to stir overnight and the 
solid formed filtered off and washed with 2ml of acetone and 
dried at 50°C in vacuo to give 0.33g (47% of theoretical yield) 

(R)-(+)-amlodlplne-hemi-L-tartrate-mono-DMSO-solvate; m.p. 159- 
1620C, (Found: C 51.49%, H 6.12%, N 4.85%; Calc. for 
C«H,sN,0,CI. 0.5[C,H,OJ.C,H,OS: C 51.29%, H 6.10%, N 4.98%), 
>99.5% d.e. by chiral hplc. 

Example ip 

(S)-f-)AmlOdlPine-hemi-n-tartratfl.mn n o-bMSO-anivate and fP). 

.amiodlplnr"^ " ^ -mono d^,qo soi m ip ^fR, y 

The method of Example 9 was used, but substituting the 
DMSO with a 50:50 v/v DMSO/acetone mixture. 
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Yleld of (SH-)-amlodipine-heinl-D-tartrate-mono-DMSO-solvate = 
0.22g (31% of theoretical yield) m.p. 160-163»C, (Found C 51.13%, 
H 6.03%, N 4.91%; Calc for C„H,jN,O,CI.0.5[C,H,OJ.C,H,OS:C 
51.29%, H 6.10%, N 4.90%). 99.5% d.e. by chiral hplc. 

Yield of (R)-(+)-amlodlpinG-hemI-L-tartrate-inono-DMSO-so!vate = 
0.19g (27% of theoretical yield), m.p. 160-163°C, (Found: C 
51.39%, H 6.01%, N 4.82%; Calc. for 

C„H„N,O,CI.0.5[C,H8OJ.C,H,OS: C 51.29%, H 6.10%, N 4.98%), 98% 
d.e. by chiral hplc. 

.Exanipl^ll, 

(S)-f->-AmlodiDine-hemi .D.tartrate-monQ.DMSQ-sotvfltiy 

The method of Example 1 was repeated using the same 
molar ratios but using DMSO to which a co-solvent has been 
added as set out in the Table. The percentages are in v/v. 
The solvate can then be processed to S-(-)-amlodipine according 
to the procedures of Examples 2-4. 
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TABLE 



Co-solvent 


% By volume of the 
co-solvent 


DIastereomeric 
excess by hpic 


H,0 


0.25% 


96.8% de. 


HjO 


0.5% 


87.7% de. 


Acetone 


1% 


94% de. 


Dimethylacetamide 


1% 


89% de. 


Methyl ethyl ketone 


2% 


97% de. 


Tetrahydrofuran 


2% 


96.7% de. 


EtOAc 


2% 


90.4% de. 


CHjCI, 


2% 


93.2% de. 


Dimethylformamlde 


2% 


93.2% de. 


Toluene 


2% 


72.3% de. 


Acetone 


5% 


95% de. 


Isopropyl alcohol 


5% 


95% de. 


DMPU (see text) 


5% 


96.6% de. 


Dimethylformamlde 


5% 


93.2% de. 


EtOAc 


5% 


79.2% de. 


CH^CIj 


5% 


74% de. 


Acetone 


50% 


94% de. 
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1 . A method for the separation of the R-(+)- and S-(-Hsomar8 
of amiodipine from mixtures thereof, which comprises the 
reaction of the mixture of isomers with either L- or D- 
tartaric acid in an organic solvent containing sufficient 
dimethyl suiphoxide (DiUISO) for the precipitation of, 
respectively, a DIMSO solvate of an L-tartrate salt of R-(4-)- 
amlodipine, or a DMSO solvate of a D-tartrate salt of S-(-)- 
amlodipine. 

2. A process according to claim 1 in which the solvent Is 
DMSO. 

3. A process according to claim 1 in which the solvent is a 
mixture of DMSO and a co-solvent, the co-solvent being 
present in an amount sufficient to allow precipitation of the 
DMSO solvate to take place. 

A process according to claim 3, wherein the co-solvent is 
water or a ketone, alcohol, ether, amide, ester, 
chlorohydrocarbon, nitrile or hydrocarbon. 

5. A process according to claim 4, wherein the co-solvent is 
water, acetone, dimethylacetamide, methyl ethyl ketone, 
tetrahydrofuran, ethyl acetate, dichloromethane, 
dimethylformamide, toluene, isopropyi alcohol or N,N'- 
dimethylpropyleneurea. 
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6. A process according to any one of claims 3 to 6, wherein 
the co-solvent Is present in an amount of up to 50% vTv 
based on the volume of the DMSO. 

7. A process according to claim 6, wherein the co-solvent is 
present In an amount of from 0.2 to 6% v/v. 

8. A process according to any one of the preceding claims, 
wherein the amount of L- or D-tartaric acid employed is 
either about 0.5 mole or about 0.25 mole per mole of 
amiodipine. 

9. A process according to any one of the preceding claims, 
wherein the solvate precipitated Is, respectively, (S)-(-)- 
amlodipine-heml-D-tartrate-mono-DMSO-soivate or (RH+^ 
amlodipine-hemi-L-tartrate-mono-DMSO:Solvate. 

1 0. (S>(-)-AmIodipine-hemi-D-tartrate-mono-DIVISO-soIvate. 

1 1 . (RH+Hmlodipine-hemi-L-tartrate-mono-OIVISO-solvate. 

12. (S)-(-)-Amlodipine-hemI-D-tartrate-monohydrate. 



13. (RH+Mmlodipine-hemi-L-tartrate-monohydrate. 
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